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Dear ,)r. F.onakor: ... 

Thank 'you for your recent letter concerning my contribution to 
the CiV program on the Warren Retort. I once leaf eh through a copy of 
Thotmr-on' a book, when I war. in the Gan Francisco Airport bookshop, ana 
I noted that Dr. Thompson did not have a very clear idea of what I had 
done. But that is not surprising, since hr. Vlyckoff gave a very ab- 
breviated and highly simplified version of my observations, which he 
repeated independently. 

I documented my observations and measurements in two rather long 
letters to CBS, totalling about 15, 000 worm;. 1 oe.nevc it is typical o. 
tile intelligence of the people who write oooics of the sort Dr. Thompson 
produced, that they think someone wno is experiences enough in one -..aui..^ 
of physical observations, that he could be a professor of pnysics at one 
of the loading institutions in the world, .could overlook . some .olurs m 
some photographs, particularly when he appears to be the first, one who had 
ever called attention to these blurs, in a substantive way. Of course, 1, 
and hr. Vyckoff as well,, looked at every single photograph tnat warn re-^ 
produced, in the Warren Report, and not only' made detailed measurements Ox 
the blurs, but in addition determined in wr.at direction the camera was. 
being traversed during that particular frame. What I din was to measure the 
length of each blur, which is of course proportional to the angular velocity 
of the : optical axis of the camera system. By looking at the background in 
the photographs preceding and following that particula.r olurred phonograph, 

I could tell which way the camera had moved during the blur. As a result 
of tli 



1 could assign the length of a olur as, for example, plus j milli- 



meters, or minus 1.5 millimeter 
clockwise or countcrclookwi 



V7here tr 



plus or minus signs indicate 
ise rotation of the camera, as seen from a point 
above the operator, Naturally, from the point oi view of the physxcist, I 
was not interested in the angular velocity of the camera, out rather in 
the angular acceleration, since Newton's Second Law tells us that, the .angular 
acceleration of an object is proportional to the torques acting -on it. (xhe 
most common version of Newton's Second Law is that the acceleration isjpic- 
portional to the force, but this is for. systems that move in a linear xash^on, 
whereas we are dealing with a camera which is'- being moved in an angular sense). 
An angular acceleration is simply the difference in the angular velocities, 
divided by the time interval between the two measurements of ar.guiar velocity. 
Since the time -interval • between- all successive frames is the . same — about- 
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seconds, 'olio can get numbers that c..u: proportional to' the .accelc; ; ra- : " 

tion;-. Pimply by subtracting the al jVoraic numbers that 'arc proportional to 
‘.he an.j'u 1-ir velocities. By matins this- subtraction of. angular velocities 
including the algebraic sign, I then came up 'with; a tablc^of numbers that/ 
was proportional to the angular acceleration of the camera, corresponding 
■to a time midway between each pair- of successive frames.'-' I thcivaplottcu” ' '• 1 
these angular acceleration values, which could be either plus or minus, as 
a function of the frame number. The startling thing was that "there were-" . ■ 
three trains of pulses", each lasting almost exactly one second, with a 
definite starting pulse, and a definite final pulse. One of these sets 
of pulses started at Frame 313, confirming the method, and the other two 
started at Frames whose numbers I can't remember, and since my original 
letters are at horn*?, I won’t bother with them. (Probably they are the frames 
mentioned by Mr. Wyckoff in his-, report on CBS television. ) The conclusion 
I drew .then, and the one with which Mr. Wyckoff agreed, was that each shot 
set the neuromuscular system of Mr. Zaprudcr into oscillation, and. it took 
approximately one second for him to damp out the oscillations.. As far as : / 

X could tell fzom the phonographs tnat were shown m the CBS report, Mr. 1 , i 
Wyckoff duplicated these trains of oscillatory, pulses in his reenactment; 
of the. photography sequences. ; You will remember that there were photo- 
graphs: showing two or three photographers holding - Bell, ■^d ; . : .-H6vj : eil : 'm6vi-e 
cameras, showing that they reacted to the shock wave of a passing bullet, 
by going into a neuromuscular oscillation, with a recovery time of approxi- 
mately one second. 






I was not able to examine pictures .earlier than the. fir 
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t, one 



shown in the Warren Report, but Mr. Wyckoff did go bo,<k to the Archives in --W-G. 



Washington, and made similar measurements for the. Zaprudcr frames from 1 
up togthe.. one first shown. in, the Warren'' - Report 
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t. : He showed that .although; if'- 

, the length of the blurs V ’ 



some of the frames did have appreciable blur: 

varied, smoothly with frame number ,-Xand simply were' a result, of .the fact. . . 
that Mr. Zaprudcr was spraying his camera back and ' forth like) a rank . / 

amateur photographer, rather than like the real pro he appeared to he 
when he settled down to take pictures, when Mr. Kennedy came into view. 
Incidentally, this observation shows clearly why one should not pay any 
attention to blurs, biyt^ only in the curve showing the difference in blur 
lengths from -prltitS to pr-mt. Mr. Wyckoff then, and correctly I believe, :■ 

concluded that the oscillatory trains which arc visible in the photo- 
graphs reproduced in the Warren Report -were really due to some rather" ' ■ r '■ 
distinctive phenomenon, and not due to the fact that Mr. Zaprudcr hadCthe:'-^r'->ivi'. 
hiccups, as District Attorney Garrison commented in his appraisal of the ' 
work that Mr. Wyckoff and I did on the films! (in the whole, .sequence -of 
photographs, the oscillatory pulse trains are concentrated into a narrow ; 

time region, including the known time range in which everyone agrees that 
at least two shots were fired. A physicist would say "the background was 
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The handwritten portion of Alvarez's 
letter of 15 Aug 68 reads: 

so when frame /sic/ hlur lengths in 
neighboring frames were subtracted, 
the differences were essentially 
zero, (no appreciable sudden torque 
acted on the camera. 
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. .‘I . concluded then that; three, slipja, 'and only three- '3-hpt.::; ’•-•/tire : V '• ' 

fired, and I pinpointed the time:;, within a very small fraction "of a 
second , for each shot. In addition to .these three ; very obvious- places : 
at which shots were' no doubt fired,, there was. another rather weak set of t' ’ d 
pulses , about half way -between what I .-. labeled as : '-the second shot,' 1 '"ah^^efir.’ 
very obvious third shot ' that Killed the diYesidehf. This 'set bothered Ac")' : 
for a long time, but . I filially came to what I believe is a proper ‘explana- 
tion for this weak train. Although the Fit photo intcrpreters v who. testi- 
fied before. the Warren Commission, said that. there was no way one could ' 
-tell the accurate position or. velocity -of the car, when the background 
was -blank (grass), I found two quite separate ways to do this, both of 
which gave the same value of the car's velocity, and both showed la very 
sharp change in velocity at just the time that the fourth weak^ain of ;; , 
oscillatory pulses took place. I puzzled over this for several days, 
and then I read that at about the time of the last shot, the Secret Service 
car just behind the President' s car turned, on its siren. Since/no, one was p 
very clear about exact' times in this extraordinary few seconds,' it occurred 
to . me that the siren probably came on just before Mr. . Zapruacr 1 s ;weak : 
oscillations;, started, . and just before the driver suddenly slowed down. m 
After all, the men in the Secret Service car had seen the President hit/ 
and it 'was only natural that they would ; have pressed the panic button, by 
starting up the siren. Everyone who has ever driven- a car is taught to, 
slow down as soon as he hears • a police or fire engine siren, so it is not 
difficult- to imagine that the ''driver of the President's car immediately let 
hie foot up on the accelerator pedal, when he heard a siren go off twenty- 
five feet from his ear. Actually the hard thing, to understand is why the 
driver of ; the President's car kept going at exactly a constant rate during 
at least one, and I believe two snots to the car which he was driving. The 
only thing that ill) can think of in ./this connection is that he was reacting 
like a circus horse, who goes trotting around a. ring, at constant speed, 
as the acrobats jump up on his back and turn somersaults. I believe that 
anyone driving the President's car would have let his foot up from the 
accelerator when he heard a siren like this. So we note that the driver 
of the President's car actually slowed down abruptly, and did not speed up 
as he certainly should have done. (Many people) have pointed out that if 
the driver had speeded up and turned rapidly from left to right, the Presi- 
dent might have survived the first bullet to -hit him/^i®89i|^^aast one/dl 
•probably would, have missed him.) We must have an explanation of this v : 
really extraordinary behavior on the part of the President's driver, which,: 
so far. as I can tell, I am the only person to have noticed. I believe that 
the siren clearly explains it, and of course it would have triggered Mr. . 
Zapruder into oscillation, although probably not as strongly as he was 
triggered into oscillation by the obvious gun shots. All of these things 
tic together, and I believe that I did come up with a consistent picture 
of the Whole sequence of events 'that led to the angular accelerations of- 
Mr. Zapruder' s camera, that I measured in a very straightforward way. 
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■■ l,avT: usually refrained from d< 'Scribing in such :Ltp;TT.: trie 

m-.\n surenv'nls 1 made, although I have bean asked by many T>oov/lt: for 
material of this wort. The main reason 'that .-I asked C.:vi to' contract ’ ' 

with a. i ( aicli o i /an i za t ion oi trsj :ji ano a typo, lor w/sen I.r* V/yckoif 
works', was: no that I would not have to spend moot of my life writing 
letters of this' sort — . the monkey would bo; on their back. You .ean^of 
course send a copy of this letter to Dr. Thompson, but I fear it will ■ - 
do no good — in his mind I am simply an idiot who could not see some blurs 
on some •photographs that he noticed after I had called attention' to the . 
phenomenon/ of if I did see , them, T did not think they were worth noting. 

I. hope you will not ask me for copies of my two very long letters 
which I ..consider to be personal correspondence with two friends. 



I am pleased to see that we have some friend; 



some high school classmates, whose 



in common, including 



names I had not thought of in years. 
■ Very sincerely, . ...... 



Luis W. Alvarez 



LWA:am 
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When I .took' your letter home to file with my -.material concerning 
, the .- as r-as ii lation of Pro sident Kennedy, I pulled, out a .couple; koi"; the graphs, 
■'and .brought them in to the laboratory so that I /could duplicate them and . 

"i : . . ■ pen,! them to you for your own use and so that you could send one: of them' 
to. Pr. .Ionian Thompson. 

The first chart 'shows the angular acceleration of the optical 
; axis of Mr. Zaprudcr's camera, as a function of frame humoer, r caning 

down in five separate graphs. I'll make' a few comments on. notations aril : 

;■ marks oh the' chart. First, of 'all you will see that the three main - trains; 
of -acceleration impulses last for almost exactly one second each. . m uuai- 
■ .. . . tion to. the three one-second long trains on the. first, second, aha f if tn 

lines, there is the shorter and xess intense tram starting aoout 29 'u Cnao. 

' I explai ned ' "to ” my own ‘¥ati r f act ion, and toidgyou about in my'lart letter. 

: On the middle line, there are two pulses that are oust "out. of the noise".. 
By this I mean that there were two photographs where I thought That points 
were slightly spread out, and I listed these as minimum signals. xhese- .' 
are responsible for the - two little indications, of a back and forth a.c- 
celeration of the line of sight. (I would like to stress that the data = 
that I show is all original raw data, and I never did anything to smooth 
' out any data, or go back and remove points that I thought had significance 
or, the first survey. Therefore the two noise pulses on the middle line 
; are just at the minimum .detectable limit, and since there is always noise . 
in any measurement, X don't think, -they nave to oe treated seriously . j x 
am sorry that I do not have the first 170 frames available, but as I said 
- - in ny letter, Or. VJyckoff. did measure these, and found snau oheie v.eio ,iO . 

' appreciable acceleration pulses, although there were of course streaks due 
to a high angular velocity of the camera during Mr. Zapruder's enthusiastic 
panning. (Subtraction of. the streak length in neighboring frames gives 
differences too small to measure.), ■ 

On the right-hand column, it says "camera turns cwld", which is 

physics shorthand for clockwise looking down. which means that the initial 

motion of Mr. Zapruder's camera was such as to move the optical axis, oi 
his camera suddenly towards the right, and then back to the left. This 
motion occurred in frame 313, and is of the proper sign to bo caused by ■ 
the shock wave from the bullet, which passed very close to the camera on 
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'.:ic auto-nob Lie; J i'ulii ve iha 
•r.M- l-.i.oi ) ul the shock wave on t: 
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. , camera, . and 'fid not i 

1 ' • ■ i i ’iMi t i ■ Hi 'i.i.i -, 1 i'Ilo - cn.l s,.r reaction. ( >f course ths 

'•'oh 'cry i. t'v’ii;'! ,y in the next, few frames 



mansion cuii 
Jut, it in my b ■ ■ p 



111 ’' . l":i reaction was occasioned by .the chock pressure' a-tiipj 'the '! 
’...inn la . i . dills same pressure is of:, course what breaks window::' wh^r. 

ayupersonxe airplane flies overhead, .(in the earlier shots, the bull on 

1 pa: ';‘. t:o ■ < t- Lc::o to thc cruri °ra and was therefore not strong 'enou-h 
to cause this direct, interaction.);, / 



Jhe two circles on the first and second lines are my best ■’U^ ' 
as to when the shot was fired --about l /3 of a -second before Mr. kaprea'-'- 

rr:" l; :::^; U VTf tCm Went int ° filiations.' There is much in the literature 
t .ao that thc response time of the human neuromuscular system is a third 

oi a second, and therefore it seems reasonable that the first' reaction would 
come about a third of a second after the system had been stimulated. :■ fv ou 
will note that the pulses are about one third of a' second apart.) dor 'this 

! V7v r;0 oiv my b< r st „ gueGS as 7 t ? the ti;nes of the three shots ar,e approximately 
1(1, <2 If, and of course Tx'j. ■ t , 

. : I 1 h ave -never checked to see what Mr. Wyckoff said, until this very 

1Q0 C nnd -07 n v, f ^ &t yOUr lett?r a ® ain ’ 1 1 see ^ W that he quotes 
l.J. and. I, which of course -are different than my best messes.' ■ (Let -to ■ 

rcmin.t you. again that the: reason I asked CBS to get someone like Mr! Wyckoff 
to no the job was so that I -wouldn't be spending the rest of my life writing 
explaining why I thought it was one frame number while somebody else 
thought it was another. I still line the numbers I selected bettor than the 
ones dr. Wyckoff did, but. please let ’ s ;not get into an argument atout this?) 

_ , The Warren Commission, according to the notation I made on the' 

cnart, said toat the shot that they could identify came somewhere in the 
range of irames 206 to 22 5 . As far as I can tell this come largely from ~ 
examination ^ of .Mr., Kennedy's reaction in putting his hand to his throat. 

; bh ' L,lk xt as interesting that my suggestion that it happened at frame 
report' 001 * a halfway between the two limits set by the Warren Commission 

d Before I leave this figure, I should say that I believe it could 

bo. reproduced by anyone who took the trouble to examine and measure the ' 
Photographs reproduced in volumes that were appended to. the Warren, Report. 

J --houla. ,,,ay that I started out measuring each streak with a, fine scaled, , 
o.r\r a , pair of dividers, but after 1 had gone about halfway tr.rougii the 
frames, .1. concluded that I could do just about as well by looking . at the "• 
-vii.-jii:, ami assigning them an estimated value between 1 and 5 together 
of course with- the algebraic sign saying which way the acceleration moved 
the camera axis. 1 mention this only to say that a remcasurcmcnt might 
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change olio magnitudes of the acceleration.", hut it- would- certainly not : 
change their signs, nor change > the. - frame .numbers 'at which they op currcd. 

1 did .the measurements as well' as I could, , and as I said earlier I never 1; 
.'changed .any numbers, and I certainly did not go' hack arid • repeat /the- measure- 
ments. ’ For this reason, ,1 may have made., a mistake or two, but 1 do not 
.think/; tiiat the .general ..pattern of . ; the.: trains of acceleration pulses can vi ; 
be : changed by further measurements.' Certainly' it does absolutely- 1 ho goda-*?: 
te nse a microscope or a magnifying glass, since the pictures available . 

'are all half tones, and one can 'actually . see better without a magnifying : 
glass under those conditions. 



The second figure shows the position of the car relative to the 
background, from frames 260 to 340. I was mod; interested to read the de- 
tails of the testimony by the /FBI/ photo interpretation expert, who said .5 
that it was absolutely impossible to tell where the car was in this period, 
since there were no marks on the background against which to make, the measure- 
ments. . If you look at these pictures, you will see that there was a shiijiy 
piece of metal or glass on the grass, l and .this reflected light directly / 
from the. sun into Mr. Zapruder's camera. As a result of this, there is a 
streak in the background which one can use as a perfect reference mark, 
and measure the position of the car certainly better than ± 4 inches, in : 
real space. 1 The curve shows that the car was going at a very uniform 
speed very near to 12 miles an hour, from frame 2o0 to about frame 300, and 
after that it again went at a very constant speed, but closer to 8 miles per 
hour. : All of the points on this graph are again original data, with no 
smoothing of any sort. The fact that the line goes through practically ,.//.-:.. 
the center of each point indicates the extreme accuracy of the measurements. 

At an average of about 10 miles an hour, the car moved about 15 feet per 
second, or close to 1 foot per frame. . The very small scatter of the points 
will convince you that! I knew/ exactly wheVh" the car was during -this - whole 
period, and that the sudden change in the velocity was a real ohing, and 
that it should be explained in some way. 

In addition to the two curves that I show here, I made a number 
of others, one of which showed quite conclusively that the camera was not 
running at 24 frames per second, as Mr. Zapruacr was at one time quoted as 
saying; : It took me several. weeks to find a "clock", that would let me make 
such a statement unequivocally. From the point of view of the physics of 
the investigation I made, I got more personal satisfaction out, of that : ... : f 

discovery than out of anything else, since it took a good deal of observa- 
tion and analytical experience, to make the deduction. I don't believe 
that anyone seriously questions the camera speed any more, so it can 
simply remain a bit of personally satisfying detective work that I aid , , , 
on that matter.. I 
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i have ;iu:vt reread irour;lp.b1to.£>».-p! n ?:$:^ . astounded -..i,, . 

that you would think I would change my 'Ib't'ter'^lw^^rlSS^dih • ltoffl6thirig : gp. 

that Vr. WyokofT -paid. Once a scientist, comes to believe that ho should 
only publish .thiugs that are the . couseiiGus of the aiearau'cmcfits rof all o.f, . 
his ' scientific associates or competitors, he stops being, a scientist. 
'Vlifp.rl itii'i l.cly I /am finding that many of my young associates feel that 
• they should never -publish anything until .they have, telephoned ytos.all ' of ;.y, 
the people they know, who are doing similar ; experiments in this country ■ ■ 
.anil abroad, to nee if they are "getting the right answer". 
tensely opposed to^this way of doing science, :■ and that is why I i-eacted - 
so strongly to your fsug^btion, that I change something that II stated with 
some conviction in my letter. (Of course anyone can make typographical 
errors, and had you pointed out such an error, I would have been happy 
to change it. But the thought that I should change my personal con- 
clusion because it disagrees with something Mr. Wyckoff said, is 
absolutely shocking to me. ) | 

Very sincerely. 



Luis W. Alvarez 



LWA : am 
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